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ABSTRACT 
Astroviruses belong to the Astroviridae family and were initially associated with 
gastroenteritis in 1975. Recently, a subset of astroviruses have been identified as a cause of 
neurologic disease in human, bovine, mink, ovine and porcine.  
Porcine astroviruses (PoAstVs) are distributed worldwide. PoAstVs are divided into 5 
distinct genotypes (PoAstV1-5), reflecting different origins, interspecies transmission, and 
recombination events. The pathogenic significance of PoAstVs is questionable with the 
exception of PoAstV3 which is a putative cause of polioencephalomyelitis in swine. The goal of 
this thesis was to address some of the epidemiologic characteristics and pathophysiology of 
PoAstV3 through field research and pathologic evaluation. 
Different types of field research including cross-sectional and a prospective longitudinal 
investigation were carried out on sow farms with and without reported PoAstV3-associated 
neurologic disease and in a nursery with an extensive history of neurologic disease due to 
PoAstV3, respectively. 
The results of the first study demonstrated a high rate of detection of PoAstV3 in feces by 
qRT-PCR on the three sow farms sampled regardless of reported neurologic status in the 
downstream nursery, the endemic potential of PoAstV3 and a possible route of dissemination of 
PoAstV3 from the gastrointestinal system to the central nervous system through the myenteric 
plexus neurons of the peripheral nervous system. Results of the second study demonstrated the 
detection of PoAstV3 using different pig and environmental samples types including feces, oro-
pharyngeal swabs, serum, oral fluids, pens, feeders, hallways, load out chutes, and pits. 
Detection of PoAstV3 over 22 weeks in individually identified animals in feces was intermittent, 
infrequent in oro-pharyngeal swabs and viremia was rare.  This thesis illustrates the frequency of 
v 
detection, endemic potential, cellular tropism, association of clinical signs with disease, 
efficiency of cleaning and disinfection, infection dynamics, and shedding patterns in different 
sample types over a 22 week period using observational studies, pathology, and RNAscope® in 











CHAPTER 1. INTRODUCTION 
 
Astroviruses (AstVs) remain among the least studied of the RNA viruses, although there 
has been a steady rise in the number of astrovirus related publications since the 1970s, when 
human astrovirus (HAstV) was first identified [1-3]. Astroviruses belongs to the family 
Astroviridae and have a broad host range from mammals to birds. Mamastrovirus genus 
contained numerous mammalian species including humans, cattle, sheep, pigs, dogs, cats, mink, 
bats, rats, mice, rabbit, fox, marmot, porcupine, shrew, vole as well as in larger species such as 
deer, monkey, water buffalo, yak, camel, cheetah and marine mammals. Avastrovirus genus are 
derived from avian species including chicken, turkeys, ducks, guineafowl, pigeon, goose as well 
as in wild aquatic and terrestrial birds. AstVs show icosahedral morphology and are small, non-
enveloped, single stranded, positive sense viruses with three open reading frames (ORF) 
including ORF1a, ORF1b at the 5′ end that encodes non-structural proteins and ORF2 at the 3′ 
end that encodes structural proteins [4-5].  
The clinical significance of astrovirus infections spans a broad spectrum ranging from 
asymptomatic infections to encephalitis in multiple species [6-16]. Despite the pathologic 
significance of these neuroinvasive astroviruses, a mammalian animal model is not available and 
little is known about pathogenesis. The field of astrovirus research is currently limited, but it 
continues to expand. 
Porcine astrovirus (PoAstV) was first described in diarrheic feces using electron 
microscopy [17]. PoAstVs are divided into five distinct lineages (PoAstV1– PoAstV5) reflecting 
varied origins, interspecies transmission or recombination events [6, 18-19]. They are 
widespread and commonly found at high prevalence [6, 13, 14, 19, 20]. PoAstVs have been 




and animals with neurologic signs [11-16]. A fecal-oral route of transmission is presumed [23]; 
although, PoAstVs have been detected in nasal swabs [16]  and blood samples [24]. The clinical 
significance of a majority of PoAstVs remains inconclusive with the exception of porcine 
astrovirus type 3 (PoAstV3) which has been recently reported to cause neurologic disease in pigs 
in Hungary [16] and the United States [11-15]. 
The general approach of this thesis is to i) investigate the frequency of detection, endemic 
potential, association of PoAstV3 with gastrointestinal disease, and cellular tropisms of PoAstV3 
using cross-sectional studies, pathology, and in situ hybridization on sow farms with and without 
reported PoAstV3-associated neurologic disease in pigs after weaning and ii)  understand the 
infection dynamics, shedding, sample type sensitivity including both pig and environmental 
samples,  association of PoAstV3 detection by RT-qPCR in feces at time of neurologic signs, 
and efficacy of cleaning and disinfection using four studies that included a clinical case control 
study, pilot study, clean room study and a prospective longitudinal investigation in a growing 
phase swine production system with an extensive history of neurologic disease due to PoAstV3.  
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Abstract 
Astroviruses infect and cause disease in a variety of species. Little is known about the 
epidemiology and ecology of a majority of astroviruses including porcine astrovirus type 3 
(PoAstV3), which is a putative cause of polioencephalomyelitis in swine. Accordingly, a cross-
sectional study was conducted on sow farms with or without reported PoAstV3-associated 
neurologic disease in growing pigs originating and weaned from those farms. Additionally, a 
conveniently selected subset of piglets from one farm was selected for necropsy and examination 
of gross and histologic lesions. The distribution of PoAstV3 in the enteric system was evaluated 
through in situ hybridization. PoAstV3, as detected by RT-qPCR on fecal samples, was highly 
frequent across sows and piglets (66-90%) on all farms (65-82%) sampled regardless of associated 
neurologic status. PoAstV3 was detected subsequently at a similar detection (77% vs 85%) on one 
farm after three months. Viral shedding as determined by Cq (quantification cycle) value suggests 
that piglets shed higher quantities of virus than adult swine. No link between gastrointestinal 
disease and PoAstV3 was found in the small subset of piglets examined. However, PoAstV3 was 
detected by in situ in myenteric plexus neurons of multiple pigs elucidating a possible route of 
spread of the virus from the gastrointestinal tract to the central nervous system. These data suggest 
PoAstV3 is highly frequent on farms in which it is detected, shed in the feces at greater quantities 
by piglets, is endemic in evaluated farms, and clinical polioencephalomyelitis occurs only in a 
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1. Introduction 
Astroviruses are emerging viruses in the family Astroviridae, which is divided into two 
genera: Avastrovirus and Mamastrovirus.1 Astroviruses are non-enveloped, 28-30 nm positive-
sense, single stranded RNA viruses2 that can cause disease and be detected in the feces from a 
wide variety of mammals and birds.3-9 
Porcine astroviruses (PoAstVs) are genetically diverse and are distributed worldwide10 
with five genetic lineages (PoAstV1-5), reflecting different origins, interspecies transmission and 
recombination events.9,11-12 Globally, several studies have reported the molecular detection and 
genetic characterization of PoAstVs in various pig production systems in different countries 
including Canada,11, 13 China,14-16 Croatia,17 Czech Republic,18 East Africa,19 Germany,20-22 
Hungary,23 Italy,24 Japan,25 Slovakia,26 Sweden,27-28 South Korea,29 Thailand,30 and the United 
States.31-37 However, the pathogenicity of a majority of PoAstVs is not well characterized with the 
exception of PoAstV3, which has been associated with polioencephalomyelitis in swine in both 
Europe23 and the United States.31-36  
Despite the pathologic significance of PoAstV3, there is limited knowledge concerning the 
epidemiology and ecology of PoAstV3. Accordingly, the objective of this study was to investigate 
the frequency of detection, endemic potential, association of gastrointestinal disease, and cellular 
tropisms of PoAstV3 using cross-sectional studies, pathology, and in situ hybridization on sow 







2. Materials and Methods 
2.1 Study Design 
The study design is summarized in Figure 1. Three cross-sectional studies were carried out 
on sow farms located in the United States without (n=2; Sow Farm 1 and 2) and with (n=1; Sow 
Farm 3) PoAstV3-associated neurologic disease in the downstream nursery. On Sow Farm 1, fecal 
samples were collected from ten families (sow and 5 piglets per sow) spatially distributed. In 
addition, ten gilts were also sampled spatially distributed in the gilt development unit (Cross-
sectional Phase-I). Three months later (October, 2017) , fecal samples were collected from twenty 
different families (sow and all the piglets) spatially distributed (Cross-sectional Phase-II). Parity 
of sows was recorded. Additionally, 13 pigs (4 controls and 9 with enteric signs) from 11 to 19 
days of age were selected for gross and histologic examination from Sow Farm 1. On Sow Farm 
2, fecal samples were collected from thirty-one families (sow and 1 piglet per sow) spatially 
distributed. The eligibility criteria for the selection of family in Sow Farm 1 and 2 was presence 
of at least one diarrheal pig in the litter. On Sow Farm 3, fecal samples from gilts (n=80) and 
piglets (n=90) were collected.  
2.2 Farm selection 
Sow Farm 1 reported failure-to-thrive in the nursery with detection of PoAstV3 in the feces 
of nursery pigs by next-generation sequencing. Sow Farm 2 was diagnosed with neurologic signs 
due to Streptococcus suis with detection of PoAstV3 RNA by RT-qPCR. Sow Farm 3 had a history 
of PoAstV3-associated neurologic disease in nursery pigs with histologic lesions of viral 
polioencephalomyelitis consistently present over multiple submission spanning months and 





2.3 Sample collection 
Fecal samples were collected using sterile polyester tipped swabs (Puritan®, Catalog no. 10805-
165, Puritan Medical Products Co., ME, USA) placed in a 5-ml polystyrene round bottom tube 
(FALCON, Catalog no. 352054, Corning Incorporated Life Sciences, MA, USA). Each tube 
contained 1 ml of phosphate buffer saline (PBS) and samples were stored at −80 °C until testing.  
2.4 PoAsTV3 RT-qPCR 
All samples were tested for the presence of PoAstV3 RNA at the Iowa State University 
Veterinary Diagnostic Laboratory (ISU-VDL) using standard protocols. Extraction of RNA was 
performed using the MagMAX™ Pathogen RNA/DNA Kit isolation kit (Life Technologies, 
Carlsbad, CA, USA) and a Kingfisher 96 magnetic particle processor (Thermo-Fisher Scientific, 
Waltham, MA, USA) using a high-volume procedure. This particular assay targets a portion of the 
polymerase gene specific to PoAstV3. An xeno internal positive control (XIPC) RNA template38 
was added to the lysis solution at 50,000 copies/extraction. At least one negative extraction control 
(NEC) and one negative amplification control (NAC) was included in each PCR assay.  NEC 
consists of a well included on the extraction plate with sterile, 1X PBS substituted for sample and 
NAC consists of a nuclease-free water substituted for template for one PCR reaction on the PCR 
plate. 
Primer sequences are as follows: forward primer sequence 
ATGACYCTCTATGGGAAACTCCTT, reverse primer sequence 
GTGCCTRGCAACAACCTCCAA, and a minor groove binding probe sequence FAM-
TTGGCCAYAACCTCCCTGA-MGB. The eluted RNA and the PoAstV3 and XIPC specific 
primers and probe were mixed with commercial reagents TaqMan® Fast Virus 1-Step Master Mix 




200nM, respectively. The RT-qPCR reaction was conducted on the ABI 7500 Fast instrument 
(Life Technologies) in fast mode as follows: 1 cycle at 50°C for 5 minutes, 1 cycle at 95°C for 20 
seconds, 40 cycles at 95°C for 3 seconds, and 60°C for 30 seconds.  The results were analyzed 
using an automatic baseline setting with a threshold at 0.1. Cq values of less than 40 were 
considered positive. 
2.5 Pathology and in situ hybridization 
Thirteen pigs (9 pigs with diarrhea and 4 pigs without diarrhea) from 11 to 19 days of age 
were selected for necropsy from Sow Farm 1. Gross and histologic evaluation of all piglets was 
performed by a veterinary diagnostic pathologist blinded to clinical presentation and all test 
results.  Fundus of the stomach, duodenum at the level of the pancreas, two additional sections of 
duodenum, four to five sections of jejunum, four to five sections of ileum, cecum, two cross-
sections of the spiral colon and mesenteric lymph node were fixed in 10% neutral buffered 
formalin, processed by standard technique and stained with hemotoxylin and eosin.  Findings were 
recorded in the case record. Sections from these paraffin blocks were also used for RNAscope® in 
situ hybridization (ISH). 
Blocks that contained stomach, duodenum, jejunum, ileum, cecum, spiral colon, and 
mesenteric lymph node from four piglets were selected based on a combination of a low PoAstV3 
Cq value and adequate tissue architecture for RNAscope ISH. RNAscope® ISH was performed 
with RNAScope® 2.5 HD Reagent Kit-Red (Catalog no. 322350. Advanced Cell Diagnostics, 
Newark, CA) according to the manufacturer's instructions as described by Matias et al., 2019. 
Paraffin blocks stored at room temperature (RT) were retrieved and 5 µm sections were trimmed 
and mounted on Superfrost® Plus slides (Catalog no. 4951PLUS4. Thermo Fisher Scientific, 




treatment consisting of two consecutive washes of 100% xylene and two washes of 100% ethanol. 
Slides were treated with Pretreat 1 solution (hydrogen peroxide) at RT for 10 minutes and rinsed 
with distilled water. Slides were then immersed in target retrieval solution for 30 minutes at 100°C, 
with subsequent protease treatment for 30 minutes at 40°C. RNAScope® probes targeting PoAstV3 
capsid RNA (catalog no. 516231), RNAScope® positive control probe Sc-PPIB targeting swine 
PPIB gene (catalog no. 428591), and RNAScope® negative control probe DapB (catalog no. 
310043) were designed and synthesized by Advanced Cell Diagnostics. Probes were then 
hybridized for 2 hours at 40°C. Six rounds of amplification were performed (solution kit Amp1-6) 
followed by the incubation with red chromogenic detection solution for 10 minutes at RT. Slides 
were counterstained with 50% hematoxylin solution for 2 minutes, rinsed in a 0.02% ammonia 
solution for 10 seconds and then washed 5 times in distilled water. Slides were then dried at 60°C 
for 15 minutes and cooled down at RT for 5 minutes. Finally, slides were submerged into a 100% 
xylene solution and immediately coverslipped with EcoMount solution (Catalog no. EM897L. 
Biocare Medical, Pacheco, CA) and tissue sections examined using an Olympus BX43 bright-field 
microscope (Olympus Corporation, Tokyo, Japan). 
2.6 Statistical analysis 
Statistical analysis was conducted with SAS 9.4 software (SAS Institute Inc., Cary, North 
Carolina) with a level of significance of 0.05. MS-Excel was used to manage RT-qPCR data for 
information regarding detection frequencies, mean and range of Cq values. Analysis of Variance 
(ANOVA) along with multiple comparison test Tukey was used to compare the Cq means in Sow 
Farm 1 (Phase- I) and was used to compare frequency of detection across Sow Farms 1, 2 and 3 
and between cross-sectional Phase-I and Phase-II on Sow Farm 1. Binomial regression analysis 




in Sow Farm 1 (Phase-I and Phase-II) and Sow Farm 2. A litter was considered positive when 
PoAstV3 was detected by RT-qPCR in ³50% of piglets tested. McNemar’s test was used to assess 
a link between detection of PoAstV3 by RT-qPCR in feces and histologic lesions. As the equal 
variance assumption was rejected using test for equality of variance, a Welch-Satterthwaite t-test 
was used to  determine whether there is a significant difference in the Cq means between sows and 
piglets in Sow Farm 1 (Phase- II), Sow Farm 2 and between gilts and piglets in Sow Farm 3.  
3. Results 
3.1 Sow Farm 1(Cross-sectional Phase-I) 
The overall frequency of detection of PoAstV3 was 77% (54 of 70) by RT-qPCR with 
varying levels of detection across different age groups (Table 1). The frequency of PoAstV3 in 
sows or piglets was significantly greater than in gilts (P<.0001), with no significant difference in 
detection between sows and piglets (P= 0.7471). The mean Cq values between sows and piglets  
(P= 0.0241) and between gilts and piglets (P<.0001) were significantly different. The association 
between sow status and piglets status by RT-qPCR was not statistically significant (P= 0.4766).  
3.2 Sow Farm 1(Cross-sectional Phase-II) 
After three months, the overall detection of PoAstV3 was found to be 85% (207 of 244) by 
RT-qPCR with varying levels of detection across different age groups (Table 1). There was no 
statistical difference found in the overall detection of Sow Farm 1 between Phase-I and Phase-II 
(P= 0.1479). The mean PoAstV3 RT-qPCR Cq value of piglets was significantly lower than the 
mean Cq value of sows (P<0.0001). The association between sow status and piglets status by RT-
qPCR was not statistically significant at P= 0.2293. PoAstV3 was detected in sows across sampled 





3.2.1 Pathology and ISH 
Pathology and ISH results are summarized in Table 3. PoAstV3 was detected by RT-qPCR 
in fecal samples from 9 of 13 piglets (69%; mean Cq= 26.02; Cq range= 17.96-35.71). PoAstV3 
was detected in all controls (n=4; mean Cq=21.33) and five of the piglets with clinical enteric 
disease (56%; mean Cq=29.78). Fluid filled small and large intestine was noted in 25% and 67% 
of piglets in the control and enteric disease group, respectively. Gastritis characterized by three or 
more of the following: gastric pit elongation; loss of parietal cells, mucus neck cells and surface 
mucous cells; aggregates of inflammatory infiltrates in the lamina propria; and/or erosion and 
ulceration was observed in 25% (1 of 4) and 56% (5 of 9) of piglets in the control and enteric 
disease group, respectively. Atrophic enteritis characterized by segmental blunting and fusion of 
villi and colitis characterized by two or more of the following: crypt elongation, inflammatory 
infiltrates in the lamina propria and/or submucosa, and/or erosion were observed in 100% and 50% 
of piglets in the control group, respectively. Atrophic enteritis and colitis were both observed in 
33% of piglets in the enteric disease group. There was no statistical difference found between 
detection of PoAstV3 by RT-qPCR in feces with histologic evidence of gastritis (P= 0.2568), 
atrophic enteritis (P= 0.4142) or colitis (P= 0.1025). 
Bacterial culture of enteric tissue from two piglets with neutrophils in the lamina propria 
resulted in a heavy growth of Clostridium perfringens from one pig and high growth of 
smooth/mucoid Escherichia coli from the other. Coccidia was observed in a single pig from the 
enteric disease group. Rotavirus group A, rotavirus group B, rotavirus group C , delta coronavirus, 
transmissible gastroenteritis virus, and porcine epidemic diarrhea virus were not detected by RT-




PoAstV3 was detected via ISH in all animals assayed (n=4) with variable levels of labeling at both 
the pig and tissue level. PoAstV3 was detected in the myenteric plexus neurons of the ileum and 
less commonly the jejunum in three of the four pigs assayed (Figure 1A). Labeling was present in 
rare to occasional gastric pit cells in three of the four pigs assayed, rare to multiple enterocytes of 
the jejunum in three of four pigs and the lamina propria of the jejunum in a single pig (Figure 1A 
and B), and rare to occasional enterocytes of the ileum in three of the four pigs as well as the 
lamina propria (n=1) and Peyer’s patches (n=2; Figure 1C). PoAstV3 was detected in the 
mesenteric lymph node of all pigs with labeling present in the germinal center, periarticular 
lymphoid sheets and mantel zone (Figure 1D). PoAstV3 was not detected in the duodenum or 
cecum of any pig assayed. 
3.3 Sow Farm 2 
PoAstV3 was detected in 74% (46 of 62; mean Cq= 29.76; Cq range= 14.69-38.66) of fecal 
samples by RT-qPCR (Table 1). The frequency of detection was 97% (30 of 31; mean Cq= 26.50; 
Cq range= 14.69-38.66) in piglets and 52% (16 of 31; mean Cq= 35.89; Cq range= 30.99-38.02) 
in sows. PoAstV3 detection between sows and piglets and the Cq values between sows and piglets 
were significantly different (P <0.0001). The association between sow status and piglets status by 
RT-qPCR was not statistically significant (P= 0.99). 
3.4 Sow Farm 3 
PoAstV3 was detected in 100% (90 of 90; mean Cq=31.70; Cq range= 30.74 to 32.68) of 
fecal samples from piglets by RT-qPCR (Table 1). PoAstV3 was detected in 28.75% (23 of 80; 
mean Cq= 32.00; Cq range= 28.16 to 39.09) of fecal samples from gilts. Statistical analysis showed 
a significant difference in PoAstV3 detection between piglets and gilts (P<0.0001). The mean Cq 





Astroviruses have been detected in the feces of a wide variety of mammals and birds3-9 and 
have been associated with neurologic disease in multiple species including swine over the last 
several years.23, 27, 31, 32, 34, 35, 36, 39-42 Despite this pathologic potential, there is much to learn 
concerning the epidemiology, ecology and pathophysiology of astroviruses including PoAstV3. 
The objectives of this study were to investigate the frequency of detection, endemic potential, 
association of gastrointestinal disease, and cellular tropisms of PoAstV3 using cross-sectional 
studies, pathology, and in situ hybridization on sow farms with and without reported PoAstV3-
associated neurologic disease in pigs after weaning. 
PoAstV3 was detected in fecal samples at high frequency of detection on all three farms 
sampled regardless of reported PoAstV3-associated neurologic disease status in growing pigs 
originating and weaned from those farms. This data suggests that when detected on a farm, 
PoAstV3 is likely being shed in the feces of numerous sows and piglets; however, only a fraction 
of those infected develop clinical disease. Based on the RT-qPCR results of this study, both sows 
and piglets commonly shed PoAstV3, but piglets on average shed significantly more virus in their 
feces than sows.  
The statistical analysis showed no association in litter status of Sow Farm 1 (Phase-I and 
Phase-II) and Sow Farm 2 indicating that piglet status cannot be predicted by their sow status using 
RT-qPCR. It is likely other factors including sow immunity may explain this discordant finding. 
PoAstV3 was shed by all parities of sows with the exception of the only two parity 10 sows 





PoAstV3 was also found at a similar detection (77% compared to 85%) after three months 
on one farm suggesting PoAstV3 has endemic potential. This is not surprising as AstVs are non-
enveloped and hardy in the environment.43 AstVs are resistant to inactivation by acidic pH, heat, 
many detergents, and lipid solvents.44 Free chlorine disinfection was much less efficient at 
inactivating astrovirus than poliovirus.45 Viral infectivity of AstVs is decreased two-fold when 
exposed to pH 3.0 for 3 hours compared to pH 4.0 for 3 hours.45 
In the subset of piglets from Sow Farm 1 Phase-II that underwent gross and histologic 
evaluation, PoAstV3 was detected by RT-qPCR in a majority of piglets but at a lower mean Cq 
value in control pigs. There was no statistically significant association between PoAstV3 detection 
by RT-qPCR and gastritis, atrophic enteritis, or colitis. PoAstV3 was not detected in attenuated 
enterocytes in pigs with atrophic enteritis by ISH but was commonly detected in enterocytes that 
were histologically normal. The absence of histologic changes of infected cells may be a result of 
the mechanism(s) of virus release as it is thought to occur in the absence of cell death46 through a 
non-lytic mechanism.47 PoAstV3 was detected by ISH in the myenteric plexus neurons of three 
out of the four pigs assayed elucidating a possible mode of transport of PoAstV3 from the enteric 
system to the CNS. Much like poliomyelitis due to poliovirus in humans,48-50 it appears based on 
the data presented in this report that a small subset of infected individuals develop 
polioencephalomyelitis. This may be a result of the peripheral nervous system barriers that include 
limited replication of virus in peripheral neurons, inefficient retrograde axonal transport and type 
I interferon response.51  
Identification of risk factors associated with PoAstV3-associated neurologic disease 
requires additional investigation but could include exposure dose, genetic determinants, and/or 




also needed to understand the infection dynamics and antibody response over time, comparative 
sensitivity of sample types, and efficacy of commercial disinfectants.  This information would 
provide foundational knowledge required to prevent and control disease. 
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Figure 2. PoAstV3 detected by ISH (red labeling) in the enterocytes and myenteric plexus neurons (arrowhead and inset) of the 
jejunum of Pig 4 (A), Enterocytes and lamina propria of the jejunum of Pig 13 (B), Enterocytes, lamina propria and Peyer’s patches 
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abDifferent letters indicate significant difference between the age groups by individual farm.  





Table 2. Distribution of detection of PoAstV3 across different parities by RT-qPCR. 
Number of parity Outcomes 






88% (7 of 8) 
67% (4 of 6) 
100% (2 of 2) 
100% (2 of 2) 






Cq= quantification cycle value.  
 
Table 3. Summary of the pathology and RNAscope in situ hybridization of tissues collected from 
subset of piglets from Sow Farm 1 Phase-II. 
 
GL= Gross lesions; Cq= PoAstV3 quantification cycle value; GS= Gastritis; AE= Atrophic enteritis; CL= Colitis; GM= Gastric mucosa; Duo= 
Duodenum; Jej= Jejunum; Ile= Ileum; CM= Caecum; SC= Spiral colon; MSLN= Mesenteric lymph node; MP= Myenteric plexus; DU= 
Diagnostically unremarkable; UD= Undetected after 40 cycles; FF= Fluid filled small and large intestines; NA= Not available; ND= Not detected; 
OGP= Occasional gastric pit cells; RGP= Rare gastric pit cells; RE= Rare enterocytes; NE= Numerous enterocytes; ME= Multiple enterocytes; 
LP= Lamina propria; OE= Occasional enterocytes; PP= Peyer’s patches; OC= Occasional colonocytes; RC= Rare colonocytes; L= Lumen; CL= 
Crypt lumen; GC= Germinal centers; PLS= Periarteriole lymphoid sheets; M= Mantel zone; I= Myenteric plexus neurons of the ileum; J= Myenteric 














CHAPTER 3. INFECTION DYNAMICS OF PORCINE ASTROVIRUS TYPE 3 AND 
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FARM WITH NEUROLOGIC DISEASE: A 22 WEEKS LONGITUDINAL STUDY 
 
Authors 
Gaurav Rawal1 DVM, Franco Matias Ferreyra1 DVM, MS, Nubia Resende-De-Macedo1 DVM, 
PhD, Laura Kaitlan Bradner1 MS, Karen M Harmon1 PhD, Grant Allison2 DVM, Daniel Correia 
Lima Linhares1 DVM, MBA, PhD, Bailey Lauren Arruda1, * DVM, PhD 
1Veterinary Diagnostic and Production Animal Medicine, College of Veterinary Medicine, Iowa 
State University, Ames, Iowa, United States of America 
2Walcott Veterinary Clinic, Durant St. Walcott, Iowa, United States of America 
Abstract 
Astroviruses (AstVs) are nonenveloped, single stranded RNA viruses that have been 
detected in a wide variety of animal species. Porcine AstVs are highly genetically diverse and 
conventionally assigned to five genetic lineages (PoAstV1-5). Due to the increasing evidence 
that porcine astrovirus type 3 (PoAstV3) is a cause of encephalomyelitis in swine and to better 
understand the infection dynamics of PoAstV3, four studies were conducted including a clinical 
case control study, pilot study, clean room study and a prospective longitudinal investigation in a 
commercial pig population with an extensive history of neurologic disease associated with 
PoAstV3. In the case control study the odds of detection of PoAstV3 using fecal samples in pigs 
with CNS signs was 0.75 (95% CI: 0.11-5.01) compared to clinically healthy pigs.  Similarly, the 
odds of detection of PoAstV3 using oro-pharyngeal samples in pigs with CNS signs was 0.25 
(95% CI: 0.03-2.44) compared to clinically healthy pigs. A pilot study showed frequency of 
detection of PoAstV3 ranging from 75-100% using sample types including oral fluids, pens, 




detection and viral load in the environment but did not eliminate it. Fecal swabs had statistically 
higher rate of detection (44%: 190 of 433) in comparison to oropharyngeal swabs (9%: 40 of 
433; P<.0001). The frequency of PoAstV3 fecal shedding varied by pig and age. The peak of 
PoAstV3 detection from fecal swabs (95%) occurred at 3 weeks of age.  The lowest frequency of 
detection was at 21 weeks of age (4%); however, the frequency increased to 41% at the final 
sampling time point (25 weeks of age). Viremia was rare (0.9%: 4 of 433) only being detected in 
4 different pigs at 3, 7, 21 and 25 weeks. Detection in oral fluid was consistent with 75% to 
100% of samples positive at each sampling time point. Sample types including pens, feeders, 
hallways, pits and load out chutes also had a high rate of detection (83% to 100%). Based on the 
data presented, PoAstV3 can be consistently detected in the environment and intermittently in 
pigs infected with PoAstV3 raised under field conditions overtime. 
Key words: astrovirus, porcine astrovirus type 3, neurologic disease, longitudinal study, swine. 
1. Introduction 
Astroviruses are second only to rotavirus as a cause of gastroenteritis in human infants 
[1] and were first described in this context in 1975 [2-4]. Viruses in the family Astroviridae are 
approximately 28–30 nm in diameter, with small projections from the surface accounting for 
their characteristic star-like appearance by EM [5]. The family Astroviridae is divided into two 
genera: Mamastrovirus (MAstV) and Avastrovirus (AAstV), infecting mammalian and avian 
species, respectively [1]. AAstV are associated with a range of enteric and extra-intestinal 
diseases and syndromes in poultry [6] including turkey astrovirus 2, a cause of enteric disease 
and loss of condition in turkey poults [7]. However, in mammals enteric disease associated with 




Porcine AstVs are highly genetically diverse and conventionally assigned to five genetic 
lineages (PoAstV1-5) which have been classified into seven genotype species including 
MAstV3, 22, 24, 26, 27, 31, and 32, by the International Committee for Taxonomy of Viruses, 
potentially reflecting different origins, interspecies transmission and recombination events [10-
13].  The advent of next-generation sequencing (NGS) methods have provided additional insight 
into astroviruses and their role in disease, challenging initial presumptions about the Astroviridae 
family. As technology progresses the spectrum of astrovirus genotype species has increased 
significantly with growing evidence that MAstVs are involved in neurologic disease in several 
mammals including humans, cattle, mink, sheep, and more recently pigs [8-23]. The pathogenic 
significance of PoAstVs is not well characterized with the exception of PoAstV3 (MAstV22) 
which was recently associated with outbreaks of polioencephalomyelitis in swine in the United 
States [18-22] and Hungary [23]. 
Due to the increasing evidence that PoAstV3 is a cause of encephalomyelitis in swine in 
the United States [18-22] and to better understand a subset of the epidemiologic characteristics of 
PoAstV3, four studies were conducted in a growing phase swine production system with an 
extensive history of neurologic disease due to PoAstV3. These studies included a clinical case 
control study, pilot study, clean room study and a prospective longitudinal investigation. 
2. Materials and Methods 
2.1 Study Site 
A growing phase swine production system located in the United States was conveniently 
selected due to a history of PoAstV3-associated neurologic disease in nursery pigs spanning 
multiple diagnostic case submissions over months with polioencephalomyelitis and concurrent 




Teschovirus A and Sapelovirus A. The production system consisted of a breed-to-wean site from 
which piglets were transported to a nursery at 3 weeks of age and to a finisher site at 8 weeks of 
age where they were housed until marketing at 25 weeks of age. The nursery consisted of 2 barns 
(Barn-1 and Barn-2), each with 4 rooms. The rooms in Barn-1 contained 10 pens each. The 
rooms in Barn-2 contained 24 pens each. Each room was stocked with 600-1440 pigs in an all-
in/all-out flow. The finishing site consisted of 2 rooms with 20 pens per room.  
2.2 Study Designs 
The study designs are illustrated in Figure 1. Four studies were completed which included 
a 1) case control study, 2) pilot study, 3) clean room study, and 4) prospective longitudinal study. 
2.3 Sample collection and processing 
For all studies, fecal and oro-pharyngeal swabs were placed in 5-ml polystyrene round 
bottom tubes (FALCON, Catalog no. 352054, Corning Incorporated Life Sciences, MA, USA). 
Each tube contained 1 ml of 1% phosphate buffer saline (PBS). A sterile polyester tipped swab 
(Puritan®, Catalog no. 10805-165, Puritan Medical Products Co., ME, USA) were used to collect 
fecal and oro-pharyngeal samples. Tubes were pre-labelled with pig number and date before 
sampling. For serum samples, 8.5 ml BD vacutainer®, Catalog no. 367988, Becton Dickinson, 
NJ, USA) tubes were used. Blood tubes were centrifuged at 3000 rpm for 8 minutes using a 
Thermo scientific centrifugation machine and serum was then poured into a 5-ml polystyrene 
round bottom tube (FALCON, Catalog no. 352054, Corning Incorporated Life Sciences, MA, 
USA). 
Cotton rope was used to collect oral fluid samples [24]. For pen, feeder, hallway, load out 
chute and pit samples, dry swiffer pads (Swiffer®) were pre-soaked in 20 ml of 1% PBS per pad 




and 1 for the center) were used. A single swiffer pad was used for the feeder sample. Similarly, 
for the hallway sample 3 swiffer pads each were used and load out chute (1 pad at each end and 1 
for center).  A pit sample was collected tying a swiffer pad to a clean wooden stick. The oral 
fluids and pen, feeder, hallway, load out chute, and pit samples were extracted by squeezing the 
sample inside a plastic bag.  The fluid was then transferred and stored in sterile, polypropylene, 
50 ml centrifuge tubes. Samples were stored at −80 °C until testing.  
2.4 Case control study 
The case control study was done on the nursery farm to determine if clinical signs were 
associated with the detection of PoAstV3 in fecal and/or oro-pharyngeal swabs by qRT-PCR. 
The case control study was based on clinical evaluation of pigs and were matched by age. The 
cases were defined as neurologic pigs with one of the following clinical signs: lateral 
recumbency but cognitively aware, ataxia, astasia, paresis and/or paralysis. Similarly, controls 
were selected based on the absence of these neurologic clinical signs as well as no notable 
respiratory or enteric disease. Nineteen cases were sampled from Barn-1 (n=17; Room-2; Pen-8, 
Room-3; Pen-5, Room-4; Pen-10) and Barn-2 (n=2; Room-4; Pen-10). Twenty two controls were 
sampled from Barn-1 (Room-3; Pen-1,3,5,7,10) and were matched by age (i.e. all the pigs in 
Barn-1 were 3 weeks of age).  Additionally, four neurologic pigs (two from each barn) were 
selected for a diagnostic investigation that included gross and histologic evaluation and 
PoAstV3, Teschovirus A and Sapelovirus A RT-qPCR as described previously [24].  
2.5 Pilot study 
A pilot study was also conducted to understand the detection rate using different sample 
types including oral fluids and pens, feeders and hallway samples. These sample types were 




Barn-2: Room-4) or spatially distributed (Barn-1, Room-3). One load out chute sample was 
taken from Barn-1. 
2.6 Clean room study 
The clean room study was performed in Barn-2; Room-4 prior to pig placement. The 
room was cleaned via pressure washing with cold clean water and disinfected with Synergize® as 
per manufacture recommendation. Pens 1, 5, 9, 12, 13, 17, 21 and 24 were selected based on 
fixed spatial sampling [25]. Fixed spatial sampling was based on selecting pens equidistant to 
each other and on alternate sides of the center alleyway over the length of the barn. Samples 
included pit (n=5), pens (n=8), feeders (n=8), hallway (n=1) and load out chute (n=1). Pit, Pen, 
feeder, hallway, and load out chute samples were collected as described in section 2.2.  
2.7 Prospective longitudinal study 
A cohort of 64 pigs (8 pigs per pen) were individually identified by ear tag (Allflex TAG 
SYSTEM) on the day of placement (3 weeks of age) and were spatially distributed in 8 out of 24 
pens in nursery (Barn-2; Room-4). Fecal, oro-pharyngeal, serum, oral fluids, pens, feeders, 
hallway and load out chute samples were collected on the day of placement (3 weeks of age) and 
then again at 5 and 7 weeks of age. For the purpose of this study, shedding was measured by 
detecting PoAstV3 in fecal samples using qRT-PCR. At 8 weeks of age pigs were moved to a 
finishing site. The finishing site consisted of 2 rooms with 20 pens per room, tagged pigs were in 
a single room divided into 8 pens and were sampled at 9, 11, 16, 21 and 25 weeks of age. At 7 
weeks of age, two pigs (Pig ID 2 and 25) were selected based on clinical signs (Video) for a 






2.6 PoAstV3 qRT-PCR  
All samples were tested for the presence of PoAstV3 RNA via qRT-PCR at the Iowa 
State University Veterinary Diagnostic Laboratory (ISU-VDL) using standard protocols. 
Extraction of RNA was performed using the MagMAX™ Pathogen RNA/DNA Kit isolation kit 
(Life Technologies, Carlsbad, CA, USA) and a Kingfisher 96 magnetic particle processor 
(Thermo-Fisher Scientific, Waltham, MA, USA) using a high-volume procedure. This particular 
assay targets a portion of the polymerase gene specific to PoAstV3. An xeno internal positive 
control (XIPC) RNA template [26] was added to the lysis solution at 50,000 copies/extraction. 
At least one negative extraction control (NEC) and one negative amplification control (NAC) 
was included in each PCR assay.  The NEC consists of a well included on the extraction plate 
with sterile, 1X PBS substituted for sample and the NAC consists of a nuclease-free water 
substituted for template for one PCR reaction on the PCR plate. 
Primer sequences are as follows: forward primer sequence 
ATGACYCTCTATGGGAAACTCCTT, reverse primer sequence 
GTGCCTRGCAACAACCTCCAA, and a minor groove binding probe sequence FAM-
TTGGCCAYAACCTCCCTGA-MGB.  The eluted RNA and the PoAstV3 and XIPC specific 
primers and probe were mixed with commercial reagents TaqMan® Fast Virus 1-Step Master Mix 
(Life Technologies). The final concentration of the PoAstV3 primers and probe were 400nM and 
200nM, respectively. The qRT-PCR reaction was conducted on the ABI 7500 Fast instrument 
(Life Technologies) in fast mode as follows: 1 cycle at 50°C for 5 minutes, 1 cycle at 95°C for 20 
seconds, 40 cycles at 95°C for 3 seconds, and 60°C for 30 seconds.  The results were analyzed 





2.7 Statistical analysis 
Statistical analysis was conducted with SAS 9.4 software (SAS Institute Inc., Cary, North 
Carolina) with a level of significance of 0.05. MS-Excel was used to manage qRT-PCR data 
from four different studies and to extract useful information regarding detection frequencies, 
mean and range of Cq values. 
The frequency of detection and mean Cq of PoAstV3 by qRT-PCR between sample types 
in a pilot study and clean room study and was analyzed by one-way analysis of variance 
(ANOVA) followed by Tukey’s multiple comparison test. 
T-test and Chi-square test were used to compare mean Cq and frequency of detection of 
fecal and or-pharyngeal swabs from case control study. The mean Cq between samples such as 
fecal, oro-pharyngeal swabs and oral fluids was compared using one-way ANOVA followed by 
Tukey’s multiple comparison test in a prospective longitudinal study. A Chi-square test was used 
to compare detection across fecal and oro-pharyngeal swabs overtime from a prospective 
longitudinal study. Overall detection rate and mean Cq by qRT-PCR between environmental 
sample was analyzed using one-way ANOVA followed by Tukey’s multiple comparison test in a 
prospective longitudinal study. 
The odds ratio (OR) was calculated using a two-by-two frequency table and the 95% 
confidence intervals was calculated using formula upper 95% CI e ^[1n (OR) + 1.96 (1/ a + 1/ b 
+ 1/ c + 1/ d)] and lower 95% CI e ^[1n (OR) – 1.96 (1/ a + 1/ b + 1/ c + 1/ d)] described by 
Suzmilas et al., 2010 where a= number of cases positive by qRT-PCR (+ +), b= number of cases 
negative by qRT-PCR (+ -), c= number of controls positive by qRT-PCR (- +) and d= number of 
controls negative by qRT-PCR (- -). Due to the zero value in the 2 X 2 table (which make an OR 




of PoAstV3 using oro-pharyngeal samples in pigs with CNS signs compared to clinically healthy 
pigs. 
3. Results 
3.1 Case control study 
Using fecal swabs, the odds of detecting PoAstV3 was 0.75 (95% CI: 0.11-5.01) in cases 
compared to controls. Using oro-pharyngeal swabs, the odds of detecting PoAstV3 was 0.25 
(95% CI: 0.03-2.44) in cases compared to controls. 
When comparing frequency of detection and Cq values of the qRT-PCR positive fecal 
swabs, controls had a greater detection rate (3 of 22; mean Cq (range)= 39.10 (38.37-39.45) 
compared to that of cases (2 of 19; mean Cq(range)= 33.89 (33.05-34.73)). Likewise, comparing 
frequency of detection and Cq values of the qRT-PCR positive oro-pharyngeal swabs, controls 
had a greater detection rate (3 of 22; mean Cq(range)= 38.45 (37.51-39.59)) than cases (0 of 19).  
Significant gross lesions were not observed in any of the pigs evaluated. Histologic 
lesions consistent with a viral myelitis that included gliosis and perivascular inflammatory 
infiltrates were present in two of the four cases. PoAstV3 was not detected in samples assayed 
outside of the central nervous system [22]. 
3.2 Pilot study 
PoAstV3 detection rate and qRT-PCR Cq mean and range by sample type are shown in 
Table 1. No statistical significant difference in detection rate and mean Cq of oral fluids, pens 
and feeders was found at (P<0.05).  
3.3 Clean room study 
PoAstV3 was detected in all pit samples (5 of 5; mean Cq (range)= 28.98 (24.85-31.44)), 




samples (4 of 8; mean Cq (range)= 37.13(35.89 to 38.98)). PoAstV3 was not detected in 
hallways or the load out chute. These differences were not statistically significant (P= 0.0526). 
Although, the mean Cq value of pit samples was significantly lower when compared with the Cq 
value of pens and feeders (P<0.05). 
3.3 Prospective longitudinal study 
PoAstV3 detection rate and qRT-PCR Cq mean and range by sample type overtime is 
presented in Table 2. Fecal swabs had statistically higher rate of detection (44%: 190 of 433) in 
comparison to oropharyngeal swabs (9%: 40 of 433;P<.0001). There was a statistically 
significant difference between the mean Cq value of fecal swabs (34.72) and oro-pharyngeal 
swabs (37.43; P= 0.0171). Detection of PoAstV3 in oral fluids was consistent over time ranging 
from 75% to 100% . No oral fluids were obtained at 3 weeks of age.  
Individual fecal sample Cq value by age is presented in Supplementary Table 1 with 
presence or absence of neurologic signs at 5 weeks of age. The frequency of PoAstV3 fecal 
shedding varied overtime. The peak of PoAstV3 detection from fecal swabs (95%) occurred at 3 
weeks of age with an average Cq of 31.06 which was the lowest Cq value across individual 
sample types for the duration of the study. The next two sampling time points with the highest 
PoAstV3 rate of detection was at 7 weeks of age (47%) and 11 weeks of age (88%).  
Interestingly, PoAstV3 had the lowest detection rate in fecal samples at 21 weeks of age (4%); 
however, the frequency increased to 41% at the final sampling time point (25 weeks of age).  
Individual oro-pharyngeal sample Cq value by age is presented in Supplementary Table 2 
with the presence or absence of neurologic clinical signs at 5 weeks of age.  PoAstV3 was 




points. The detection of PoAstV3 in the oro-pharyngeal samples peaked at 3 weeks of age (31%) 
and 11 weeks of age (24%).  
PoAstV3 viremia was rare (0.92%; 4 of 433).  PoAstV3 was detected in four different 
pigs at 3, 7, 21 and 25 weeks of age at Cq values that would suggest low viral titers (Cq mean 
(range): 38.43 (37.61 to 39.33); Supplementary Table 3).  
Gross lesions identified in Pig 2 were extensive and included severe, chronic, fibrinous 
and fibrosing epicarditis and pericarditis; moderate, fibrinous pleuritis and multifocal pulmonary 
consolation; moderate, fibrinous polyarthritis; severe bilateral fibrinopurulent rhinitis; fluid filled 
large intestine; and sternal lymphadenomegaly. Interstitial pneumonia was identified in Pig 25. 
Histologic lesions observed in Pig 2 included a severe lymphohistiocytic and purulent 
bronchointerstitial pneumonia with fibrinous pleuritis, moderate lymphoplasmacytic 
cholangiohepatitis, severe fibrinous and fibrosing epicarditis, splenic neutrophilia, mild 
multifocal lymphohistiocytic nephritis, and moderate purulent rhinitis. Significant histologic 
lesions were not observed in the lymph node, tonsil, thymus, small intestine or large intestine.   
Multiple lesions were observed outside the CNS system of Pig 25 including a severe 
lymphohistiocytic interstitial pneumonia, moderate lymphocytic myocarditis, and mild 
lymphoplasmacytic cholangiohepatitis. Significant histologic lesions were not observed in the 
cerebrum, cerebellum, lymph node, tonsil, thymus, kidney, small intestine or large intestine.  
Lesions consistent with a viral myelitis were observed in the cervical, thoracic and lumbar spinal 
cord and brainstem of Pig 25.  No such lesions where observed in the CNS tissue of Pig 2.  
PoAstV3 was detected by PCR in the CNS tissue of Pig 25 in the absence of Teschovirus A and 
Sapelovirus A as determined by PCR on CNS tissue. The Cq values of individual environmental 




consistently detected by qRT-PCR in different samples types including pens, feeders, hallways, 
and load out chutes overtime (Table 3).  
The peak of PoAstV3 detection from pen samples (100%) occurred at 3 weeks (mean Cq 
= 31.01, Cq range= 29.33-32.43) and 11 weeks (mean Cq=36.31, Cq range= 33.80-39.97). The 
detection of PoAstV3 in the feeder samples (100%) peaked at 3 weeks (mean Cq = 30.25, Cq 
range= 27.19-34.70) and 7 weeks (mean Cq = 33.33, Cq range= 29.50-35.34). PoAstV3 was 
most commonly detected in the hallway and load out chute samples followed by pens and 
feeders; however, there was no significant difference in PoAstV3 detection (P= 0.3684) or mean 
Cq value (P=0.1342) between these sample types (Table 4). 
4. Discussion 
This is the first study that evaluates overtime important epidemiologic and ecologic 
characteristics of PoAstV3 using different sample types on a swine farm with a history of 
associated neurologic disease. As there is limited knowledge concerning the epidemiology and 
infection dynamics of Mamastroviruses including PoAstV3. This study investigated the 
detection, distribution, infection dynamics and shedding of PoAstV3 in a growing phase swine 
production system with a history of PoAstV3-associated neurologic disease. 
The odds of detection of PoAstV3 was lower for both using fecal samples and oro-
pharyngeal swabs by qRT-PCR in pigs with CNS signs compared to clinically healthy pigs. This 
could suggest that at the time of clinical neurologic disease PoAstV3 is not being shed by feces; 
however, it may also reflect that there are multiple etiologies that can cause similar clinical signs. 
In the four cases that were selected for a diagnostic investigation, only two cases had lesions 
consistent with a viral infection in the central nervous system (CNS) with detection of PoAstV3 




PoAstV3 was not detected in any tissue outside the CNS although numerous sample types were 
assayed. The inconsistent detection of PoAstV3 in tissues outside the CNS at the time of 
neurologic disease [22, 23] could suggest prolonged transport of PoAstV3 from the peripheral 
nervous system to the CNS.  
Others have suggested the respiratory tract as a possible site of infection due to detection 
of PoAstV3 in 4 of 5 nasal swabs [23].  However, based on the high Cq values and percent 
positive of oropharyngeal swabs not only in the case control study but also the longitudinal 
study, replication of PoAstV3 in the upper respiratory tract appears highly unlikely.  
Furthermore, due to the curiosity and rooting behavior of pigs, nasal swabs and the oral cavity 
commonly contain feces from the environment and may explain the detection of PoAstV3 in the 
four of five pigs as well as the oropharyngeal swabs in this study given the widespread 
distribution of PoAstV3 in the environment.  In this study, PoAstV3 was detected in a large 
majority of oral fluids as well as pens and feeders.  Xiao et al., 2013 reported overall detection of 
PoAstV3 by qRT-PCR in the US as 1.2% (6 of 509) in fecal samples from routine diagnostic 
cases submitted between 2011 and 2012 to the Iowa State University Veterinary Diagnostic 
Laboratory. These data suggest, that while PoAstV3 is infrequently detected in the US swine 
herd it is highly prevalent on farms where it is detected. 
Results from the 22 week longitudinal study further support a fecal-oral route of 
transmission of PoAstV3 which is consistent with what is known for astroviruses [28]. Based on 
the individual pig data, it appears that pigs shed PoAstV3 intermittently for a long duration of 
time or can be re-infected. This may be a result of the immune status of the individual. 
Unlike fecal samples, PoAstV3 was rarely detected in serum (0.92%; 4 of 433) which is 




serum samples assayed [29]. In this study, the viral load in serum was low as determined by Cq 
values. These data suggest that PoAstV3 viremia is a rare but possible event in the growing 
phase swine production system with a history of neurologic disease associated with PoAstV3. 
Following cleaning and disinfection, PoAstV3 was detected less commonly in pens and 
feeders and at higher Cq values than other sampling time points.  The clean room data would 
suggest that cleaning and disinfection are efficacious at decreasing the viral load. Continued 
environmental contamination even after cleaning may be an issue on affected farms. AstVs are 
resistant to most of the routinely used disinfectants and are extremely stable in the environment 
[30-32]. Further studies are needed to understand the efficacy of disinfectants to PoAstV3.  
There was a sharp increase in the detection of PoAstV3 in pen and feeder samples on the 
day of placement. A direct relationship was seen in the shedding of PoAstV3 in feces with 
contamination of pens and feeders detected by qRT-PCR. The contamination of pens and feeders 
decreases concurrently with the reduction of fecal shedding of PoAstV3 in subsequent sampling 
time points.  
This study investigated multiple epidemiologic and ecologic characteristics of PoAstV3 
on a single farm with PoAstV3-associated neurologic disease.  Based on the data presented in 
this report, it appears that PoAstV3 is frequently shed in the feces of growing pigs and is 
distributed throughout the environment on a farm with associated neurologic disease. Future 
investigations could include identifying risk factors associated with the development of 
neurologic disease in pigs as well as development of a serologic assay and model of infection 
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Fig 1. Study design showing sampling time points and sample type collected over study period. 
Pane A describes the barn layout of the case control study; Panel B describes the pilot study 
understanding sensitivity of sample types at nursery site; Panel C describes the sample types 
used for clean room study; Panel D describes the sampling points at nursery and finisher site 




Table 1. Overall qRT-PCR detection rate and Cq mean (range) of PoAstV3 in different sample 
types of pilot study. 
Sample types Detection rate (%) Mean Cq (Cq Range) 
Oral fluids 100%a (9 of 9) 32.96a (28.02-38.28) 
Pens 75%a (9 of 12) 32.23a (28.66-33.96) 
Feeders 100%a (12 of 12) 33.86a (26.60-38.35) 
Hallways 100% (4 of 4) 32.61 (31.87-34.68) 
Load out chute 100% (1 of 1) 30.34 (30.34) 
aSame letters indicate no statistically significant difference (P<0.05) between the detection rate or 




























3 61 of 64  (95%) 
31.06 
(16.78 to 38.88) 
20 of 64 
(31%) 
37.66 
(32.34 to 39.27) NA NA 
5 11 of 64  (17%) 
35.68 
(27.07 to 39.59) 




7 of 8 
(88%) 
32.92 
(28.31 to 36.23) 
7 28 of 60  (47%) 
33.63 
(24.07 to 39.55) 
3 of 60 
(5%) 
37.77 
(36.90 to 38.55) 
8 of 8 
(100%) 
31.95 
(28.63 to 34.49) 
9 15 of 53  (28%) 
34.85 
(26.50 to 38.77) 




8 of 8 
(100%) 
31.73 
(27.18 to 34.25) 
11 44 of 50  (88%) 
34.29 
(27.38 to 38.54) 
12 of 50 
(24%) 
37.01 
(34.43 to 39.94) 
8 of 8 
(100%) 
32.20 
(30.52 to 32.50) 
16 10 of 49  (20%) 
36.37 
(30.33 to 39.57) 




6 of 8 
(75%) 
36.14 
(33.36 to 38.50) 
21 2 of 47 (4%) 
37.37 
(36.29 to 38.45) 
0 of 47 
(0%) ND 
6 of 8 
(75%) 
35.73 
(33.13 to 38.28) 
25 19 of 46  (41%) 
34.57 
(30.27 to 37.85) 
2 of 46  
(4%) 
37.70 
(37.57 to 37.84) 
8 of 8 
(100%) 
34.23 
(33.22 to 35.48) 
Cq = Quantification cycle; ND = Not detected; NA = Not available 
Table 3. PoAstV3 detection rate and qRT-PCR Cq mean and range by environmental sample 
type overtime. 
Cq = Quantification cycle 
Table 4. Overall PoAstV3 detection and qRT-PCR Cq mean and range by environmental sample 
type overtime. 
Sample types Mean Cq (Cq Range) Overall detection rate (%) 
Pens  33.98a (27.12 to 39.97) 56 of 64 (88%)a 
Feeders 33.75a (26.60 to 39.75) 53 of 64 (83%)a 
Hallway 32.63a (29.16 to 35.89) 8 of 8 (100%)a 
Load out chute 32.18a (28.49 to 35.75) 8 of 8 (100%)a 
Age 
(weeks) 






















3 8 of 8 
(100%) 
31.01 
(29.33 to 32.43) 
8 of 8 
(100%) 
30.25 
(27.19 to 34.70) 








5 5 of 8 
(63%) 
32.83 
(30.12 to 34.77) 
7 of 8 
(88%) 
32.17 
(27.63 to 37.83) 








7 8 of 8 
(100%) 
32.13 
(27.11 to 36.57) 
8 of 8 
(100%) 
33.33 
(29.50 to 35.34) 








9 7 of 8 
(88%) 
34.14 
(29.79 to 39.40) 
7 of 8 
(88%) 
33.23 
(27.64 to 36.46) 








11 8 of 8 
(100%) 
36.31 
(33.80 to 39.97) 
7 of 8 
(88%) 
34.02 
(33.01 to 37.02) 








16 7 of 8 
(88%) 
34.69 
(32.81 to 39.42) 
6 of 8 
(75%) 
35.35 
(33.64 to 37.59) 








21 7 of 8 
(88%) 
36.49 
(34.67 to 38.20) 
2 of 8 
(25%) 
38.53 
(38.08 to 38.97) 








25 6 of 8 
(75%) 
35.63 
(34.30 to 37.77) 
8 of 8 
(100%) 
35.99 
(33.03 to 39.74) 
















Age (in weeks) 
3 5 7 9 11 16 21 25 
1 - 38.49 - - - 34.96 38.88 - - 
2 + 35.24 - - NA NA NA NA NA 
3 - 24.56 39.23 38.13 33.23 - - 36.30 - 
4 - 29.12 - - 37.80 28.82 - NA NA 
5 - 24.23 - - 28.51 - - - 32.84 
6 + 23.28 - - - 38.13 - NA NA 
7 - 20.13 - 32.49 - 32.71 - - 32.21 
8 - 22.61 - - 35.32 31.21 - - - 
9 - 22.40 - - NA NA NA NA NA 
10 + 27.50 - NA NA NA NA NA NA 
11 - 28.61 - 24.07 - 35.15 39.18 - 31.12 
12 - 21.23 - NA NA NA NA NA NA 
13 - 34.76 - - - 35.32 - - 36.51 
14 - 37.10 - - 38.37 35.33 - - - 
15 - - - 37.75 NA NA NA NA NA 
16 - 35.07 - - 37.47 34.49 - - 33.04 
17 - 38.88 - 24.49 - - NA NA NA 
18 - 33.27 - - - 36.28 - - - 
19 + 29.79 - NA NA NA NA NA NA 
20 - 38.22 - 30.01 - 29.50 - - 35.89 
21 - 30.49 - - 38.04 35.89 - - - 
22 - 34.35 - - NA NA NA NA NA 
23 - 24.64 - 36.15 37.77 NA NA NA NA 
24 - - - 33.83 26.50 27.39 33.49 - 31.27 
25 + 32.48 32.92 - NA NA NA NA NA 
26 - 32.91 - - - 33.06 38.64 - 34.02 
27 - 22.12 - 30.18 - 37.21 30.34 - - 
28 - 29.27 27.07 36.57 38.77 - - - 30.49 
29 - 34.34 36.96 - - 31.77 39.57 - - 
30 - 38.05 - 34.03 34.49 33.02 - - - 
31 - 23.88 - - - 37.95 - - - 
32 - 23.16 - - - 34.95 - 38.46 - 
33 - 35.45 - - - 36.00 - - NA 
34 - 38.45 - - 38.05 36.37 - - 36.24 
35 - 26.95 - 32.03 - 36.05 - - - 
36 - 35.08 - - - 35.17 - - 30.28 
37 - 16.78 - 38.89 - 32.24 - - - 
38 - 33.05 - 31.72 - 35.41 34.20 - - 
39 - 30.78 - 32.67 - 35.54 - - - 
40 - 26.86 - 39.55 - 36.46 - - - 
41 - 35.71 - 28.80 - 31.46 - - - 










3 5 7 9 11 16 21 25 
43 - 35.88 - 30.51 - 35.03 - - - 
44 - 31.14 - - - 34.45 - - 37.12 
45 - 38.07 - 38.65 - 33.54 - - - 
46 - 16.88 - 36.18 - - - - 37.77 
47 - 37.77 - 36.68 - NA NA NA NA 
48 - 37.94 - 36.94 32.19 28.39 - - - 
49 - 34.25 - 29.16 - 36.95 38.69 - 33.88 
50 - 35.44 - - - 35.13 - - 37.85 
51 - 36.93 - 26.77 NA NA NA NA NA 
52 - 25.77 - 37.54 - 35.53 37.62 - - 
53 - 37.54 - - - 36.31 - - - 
54 - 34.09 - 33.21 - 34.78 34.20 - - 
55 - 36.92 - - - 36.30 - - 36.84 
56 - 27.30 - 37.54 NA NA NA NA NA 
57 - 35.32 36.64 - - 33.65 - - - 
58 - - 36.99 - - 38.55 - - - 
59 - 34.64 39.30 - 34.98 NA NA NA NA 
60 + 23.98 - NA NA NA NA NA NA 
61 - 32.23 35.31 - 31.24 - - - 35.23 
62 - 34.88 39.96 - - 35.87 - - - 
63 - 32.01 29.63 37.12 - 35.09 - - 37.63 
64 - 33.57 38.49 - - 28.13 - - - 
Presence (+) or absence (-) of neurologic signs observed at 5 weeks of age. 
“-” = Not detected following 40 cycles. 
NA = “Not available”. Animals had been euthanized or had died. 
 






3 5 7 9 11 16 21 25 
1 - 32.35 - - - - - - - 
2 + 38.59 - - NA NA NA NA NA 
3 - 38.57 - - - - - - - 
4 - - - - - - - NA NA 
5 - 38.10 - - - - - - - 
6 + - - - - - - NA NA 
7 - - - - - - - - - 
8 - 38.01 - - - - - - - 
9 - 35.22 - - NA NA NA NA NA 
10 + - - NA NA NA NA NA NA 
11 - - - 36.90 - 36.93 - - - 
12 - - - NA NA NA NA NA NA 










3 5 7 9 11 16 21 25 
11 - - - 36.90 - 36.93 - - - 
12 - - - NA NA NA NA NA NA 
13 - 38.91 - - - - - - - 
14 - - - 37.86 - - - - - 
15 - - - - NA NA NA NA NA 
16 - - - - - - - - - 
17 - - - - - - NA NA NA 
18 - 38.03 - - - 36.60 - - - 
19 + 37.05 - NA NA NA NA NA NA 
20 - 37.95 - - - - - - - 
21 - 38.18 - - - - - - 37.84 
22 - 38.17 - - NA NA NA NA NA 
23 - - - - - NA NA NA NA 
24 - - - - - - - - - 
25 + - - - NA NA NA NA NA 
26 - - - - - - - - 37.57 
27 - - - - - - - - - 
28 - - - 38.55 - 37.53 - - - 
29 - 39.27 - - - - - - - 
30 - 38.13 - - - - - - - 
31 - - - - - - - - - 
32 - - - - - - - - - 
33 - - - - - - - - NA 
34 - - - - - - - - - 
35 - 38.55 - - - - - - - 
36 - - - - - - - - - 
37 - - - - - 38.30 - - - 
38 - 38.24 - - - 37.83 - - - 
39 - - - - - 34.58 - - - 
40 - - - - - 35.48 - - - 
41 - - - - - 34.44 - - - 
42 - 35.61 - - - - - - - 
43 - 38.13 - - - 39.95 - - - 
44 - - - - - - - - - 
45 - - - - - - - - - 
46 - 38.12 - - 36.57 37.49 - - - 
47 - - - - - NA NA NA NA 
48 - 38.05 - - - 38.32 36.55 - - 
49 - - - - - - - - - 
50 - - - - - 36.80 - - - 
51 - - - - NA NA NA NA NA 










3 5 7 9 11 16 21 25 
53 - - - - - - - - - 
54 - - - - - - - - - 
55 - - - - - - - - - 
56 - - - - NA NA NA NA NA 
57 - - - - - - - - - 
58 - - - - - - - - - 
59 - - - - -  - - - 
60 + - - NA NA NA NA NA NA 
61 - - - - - 36.93 - - - 
62 - - - - - - - - - 
63 - - 36.22 - - - - - - 
64 - - - - - - - - - 
Presence (+) or absence (-) of neurologic signs observed at 5 weeks of age. 
 “-” = Not detected following 40 cycles. 
NA = “Not available”. Animal had been euthanized or had died. 
 





Age (in weeks) 
3 5 7 9 11 16 21 25 
1 - - - - - - - - - 
2 + - - - NA NA NA NA NA 
3 - - - - - - - - - 
4 - - - - - - - NA NA 
5 - - - - - - - - - 
6 + - - - - - - NA NA 
7 - - - - - - - - - 
8 - - - - - - - - - 
9 - - - - NA NA NA NA NA 
10 + - - NA NA NA NA NA NA 
11 - - - 39.34 - - - - - 
12 - - - NA NA NA NA NA NA 
13 - - - - - - - - - 
14 - - - - - - - - - 
15 - - - - NA NA NA NA NA 
16 - - - - - - - - - 
17 - - - - - - NA NA NA 
18 - - - - - - - - - 
19 + - - NA NA NA NA NA NA 










3 5 7 9 11 16 21 25 
21 - - - - - - - - - 
22 - - - - NA NA NA NA NA 
23 - - - - - NA NA NA NA 
24 - - - - - - - - - 
25 + - - - NA NA NA NA NA 
26 - - - - - - - - - 
27 - - - - - - - - - 
28 - - - - - - - - - 
29 - - - - - - - - - 
30 - - - - - - - - - 
31 - - - - - - - - - 
32 - - - - - - - - - 
33 - - - - - - - - NA 
34 - - - - - - - - - 
35 - - - - - - - - - 
36 - - - - - - - - - 
37 - - - - - - - - - 
38 - - - - - - - - - 
39 - - - - - - - - - 
40 - - - - - - - - - 
41 - - - - - - - - - 
42 - - - - - - - - - 
43 - - - - - - - - 37.61 
44 - - - - - - - - - 
45 - - - - - - - - - 
46 - - - - - - - 38.41 - 
47 - - - - - NA NA NA NA 
48 - 38.36 - - - - - - - 
49 - - - - - - - - - 
50 - - - - - - - - - 
51 - - - - NA NA NA NA NA 
52 - - - - - - - - - 
53 - - - - - - - - - 
54 - - - - - - - - - 
55 - - - - - - - - - 
56 - - - - NA NA NA NA NA 
57 - - - - - - - - - 
58 - - - - - - - - - 
59 - - - - - NA NA NA NA 
60 + - - NA NA NA NA NA NA 
61 - - - - - - - - - 










Presence (+) or absence (-) of neurologic signs observed at 5 weeks of age. 
 “-” = Not detected following 40 cycles. 
NA = “Not available”. Animals had been euthanized or had died. 
 
Supplementary Table 4. PoAstV3 environmental samples Cq by pig overtime. 
Sample types Age (weeks) 
3 5 7 9 11 16 21 25 
Pens 30.72 34.77 29.88 - 33.83 - 34.67 35.53 
Pens 32.44 - 34.78 29.79 36.88 33.17 35.49 37.78 
Pens 31.16 - 27.16 38.46 39.97 32.81 36.76 - 
Pens 31.12 33.97 31.55 39.40 35.44 33.34 - - 
Pens 32.05 33.67 31.25 34.44 37.18 34.74 35.54 35.09 
Pens 29.34 30.12 32.09 33.01 38.86 33.88 38.20 34.31 
Pens 31.34 - 33.84 31.87 34.58 39.42 37.85 35.77 
Pens 29.88 31.62 36.57 32.05 33.81 35.53 36.95 35.34 
Feeders 34.71 31.24 29.69 33.74 37.03 37.60 - 35.81 
Feeders 32.28 34.96 34.12 31.55 - 34.87 38.08 39.75 
Feeders 31.01 29.18 29.51 34.18 34.25 34.28 38.98 39.51 
Feeders 27.50 - 31.94 36.42 33.02 35.33 - 39.60 
Feeders 31.20 37.84 29.9 36.46 33.05 33.64 - 33.03 
Feeders 30.39 33.26 35.34 - 33.08 36.38 - 33.39 
Feeders 27.78 31.08 34.127 32.63 34.28 - - 33.11 
Feeders 27.19 27.64 34.04 27.65 33.45 - - 33.77 
Oral fluids NA 30.25 33.54 33.27 32.37 38.50 33.13 35.02 
Oral fluids NA - 32.55 29.87 32.57 33.30 33.83 33.23 
Oral fluids NA 36.23 28.63 32.58 32.37 35.58 36.91 34.62 
Oral fluids NA 34.19 31.82 34.07 32.58 36.20 37.14 33.64 
Oral fluids NA 32.71 29.46 34.25 30.52 - 38.28 35.10 
Oral fluids NA 33.93 32.37 33.64 32.80 35.11 35.09 33.49 
Oral fluids NA 34.81 32.73 28.98 32.19 - - 35.48 
Oral fluids NA 28.31 34.49 27.18 32.32 38.08 - 33.22 
Hallways 31.07 29.89 29.16 33.78 32.90 35.79 32.66 35.89 
Load out chutes 29.10 30.28 28.49 35.37 32.90 33.41 35.75 34.00 
 “-” = Not detected following 40 cycles. 











3 5 7 9 11 16 21 25 
63 - - - - - - - - - 




CHAPTER 5. GENERAL CONCLUSIONS 
 
Porcine astroviruses (PoAstVs) are emerging viral agents that are widely distributed and 
highly prevalent among pigs. PoAstVs are divided into five distinct lineages (PoAstV1– 
PoAstV5) within the genus Mamastrovirus. The clinical significance, if any, of a majority of 
PoAstVs is not well characterized with the exception of porcine astrovirus type 3 (PoAstV3). 
PoAstV3 has been associated with neurologic disease in both the United States and Europe. 
However, our knowledge of the epidemiology and ecology of PoAstV3 is limited. 
Hence, in Chapter 2, a cross-sectional study was conducted on 3 sow farms with (n=1; 
Sow Farm 3) or without (n= 2; Sow Farm 1 and 2) reported PoAstV3-associated neurologic 
disease in growing pigs originating and weaned from those farms. The objective was to 
investigate the frequency of detection, endemic potential, association of gastrointestinal disease, 
and cellular tropisms of PoAstV3 using cross-sectional studies, pathology, and in situ 
hybridization (RNAscope®). 
PoAstV3 was frequently detected across all three sow farms with frequency of detection 
ranging from 67% to 85%. PoAstV3 was detected subsequently at a similar frequency of 
detection (77% vs 85%) on one farm after three months indicating endemic potential of 
PoAstV3. In a subset of piglets that underwent gross and histologic evaluation, no statistically 
significant association was found between PoAstV3 detection by RT-qPCR and gastritis, 
atrophic enteritis, or colitis. PoAstV3 was detected by in situ hybridization (RNAscope®) in the 
myenteric plexus neurons in 3 of 4 pigs assayed revealing a potential route of dissemination from 
the gastrointestinal system to the central nervous system.  
To understand the infection dynamics of PoAstV3 overtime and to compare sensitivity of 




extensive history of neurologic disease due to PoAstV3. These studies included a clinical case 
control study, pilot study, clean room study and a prospective longitudinal investigation. 
Additionally, clinical pigs from the case control and longitudinal study were selected for 
necropsy and examination of gross and histologic lesions. 
A lower odds ratio of PoAstV3 in pigs with neurologic signs compared to healthy pigs 
was found using fecal (OR= 0.75) and oro-pharyngeal swabs (OR= 0.25) by qRT-PCR. A pilot 
study showed higher sensitivity of oral fluids and environmental samples including pens, feeders, 
hallways and load out chutes for the detection of PoAstV3 by qRT-PCR. Hence, those sample 
types were included in later studies including a clean room study and a prospective longitudinal 
study. The clean room data indicated that cleaning and disinfection are efficacious at decreasing 
the viral load but continued environmental contamination even after cleaning may be an issue on 
affected farms. Shedding of virus in feces was intermittent over time peaking at 3 weeks of age 
(95%: 61 of 64 samples). However, oro-pharyngeal swabs showed infrequent detection with a 
peak at 3 weeks of age also (31%: 20 of 64 samples). Viremia was rare (0.9%: 4 of 433) only 
detected in 4 different pigs at 3, 7, 21 and 25 weeks. Detection in oral fluid was consistent and 
ranged from 75% to 100%. Sample types including pens, feeders, hallways, pits and load out 
chutes had higher rates of detection that ranged from 83% to 100%. Histologic lesions consistent 
with a viral infection in the spinal cord and brainstem were detected in 2 of 4 cases from the case 
control study and 1 of 2 pigs from the prospective longitudinal study.  
To address the gaps in our current knowledge regarding the epidemiology and 
pathophysiology of PoAstV3, multiple field investigations focused upon PoAstV3 were 
conducted to better understand the frequency of detection, endemic potential, cellular tropism, 




ascertained, future studies could include the development of a serological assay to assess 
antibody response over time, comparing the efficacy of commercial disinfectants to prevent and 
control disease, and development of a challenge model to improve our understanding of the 
pathophysiology of PoAstV3 and evaluate vaccine efficacy. 
